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1
PROCESS FOR PREPARING AMMONIUM
SULFATE NITRATE

RELATED APPLICATION

This application claims the benefit of U.S. Provisional
Application Ser. No. 61/593,627, filed Feb. 1, 2012 and
entitled PROCESS FOR PREPARING AMMONIUM SUL-
FATE NITRATE, which application is incorporated by ref-
erence herein in its entirety.

TECHNICAL FIELD

The present technology relates to the production of
ammonium sulfate nitrate (ASN) particles for use in fertil-
izers.

BACKGROUND

Ammonium sulfate nitrate (ASN), one of the first syn-
thetic fertilizers, has been in continuous use for nearly 100
years providing the important primary and secondary nutri-
ents, nitrogen and sulfur. Nitrogen is provided in part
through the nitrate ion, desirable because it is readily
absorbed by many plants and promotes early growth.

ASN fertilizers are generally produced by granulation of
ammonium sulfate (AS) solids with ammonium nitrate (AN)
liquors. Alternatively, ASN fertilizers may be processed as a
melt-slurry from either the constituent fertilizers (ammo-
nium nitrate and ammonium sulfate) or, alternatively, from
the reaction products of sulfuric/nitric acids with anhydrous
ammonia. There are several alternatives for converting the
melt-slurry into solid fertilizer particles with the physical
properties desired by various markets.

Prilling is a process in which a liquid melt is gently
streamed from the top of a tall structure with counter-current
cooling air. Surface tension divides the stream into indi-
vidual droplets which solidify before reaching the tower
bottom. An illustrative example of prilling may be found in
U.S. Pat. No. 7,175,684, which is incorporated by reference
herein.

Pastillation is similar to prilling in that the melt is con-
verted to a droplet and then solidified. However, it differs
from prilling in two distinct aspects. First, rather than
relying on surface tension to size the droplets, the droplets
are portioned mechanically thus achieving very high uni-
formity in size. Second, rather than dropping the droplet
through cooling air, the droplet is applied to a water-cooled
metal belt. The heat is removed through the belt and
solidified particles fall off the belt at its end. An illustrative
example of pastillation may be found in U.S. Pat. No.
7,985,393, which is incorporated by reference herein.

In one type of granulation process, a melt-slurry is
sprayed onto a moving bed of granules. The melt-slurry both
coats and agglomerates bed granules to increase in size. In
some embodiments, the granules are discharged to a dryer
drum which, if included, provides additional rolling time for
the granules. The granules pass to a screening operation
where the product cut is recovered and the under-sized and
over-sized material is recycled back to the granulation drum.

It was previously disclosed in U.S. Pat. No. 6,689,181,
which is incorporated herein by reference in its entirety, that
ammonium sulfate and ammonium nitrate form double-salt
compounds during production, including a 3:1 AN to AS
double salt (known as a 3:1 double salt) and a 2:1 AN to AS
double salt (known as a 2:1 double salt). The *181 patent
recognized the benefit of the 2:1 double salt as being a more
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2

stable compound. Additional examples of methods of pro-
ducing 2:1 double salts are provided in U.S. Patent Publi-
cation No. 2010/0047149, which is also incorporated by
reference herein.

SUMMARY

Embodiments of the invention include systems and meth-
ods of producing solid ammonium sulfate nitrate that result
in the 2:1 ammonium sulfate nitrate double salt being the
dominant salt. In some embodiments, the solid ammonium
sulfate nitrate is formed to have a water content of between
0.4 weight percent (wt. %) and 2.0 wt. %, more particularly,
0.4 wt. % to 1.5 wt. %, even more particularly, 0.5 wt. % to
1.5 wt. %.

In some embodiments, the disclosure pertains to a method
of producing a solid ammonium sulfate nitrate product. A
melt slurry including ammonium sulfate and ammonium
nitrate is solidified in a granulation bed of a granulation
device having an operating temperature of 90° C. to 120° C.
The melt slurry is solidified in the granulation bed of the
granulation device to form ammonium sulfate nitrate gran-
ules including ammonium sulfate nitrate 2:1 double salt and
having a moisture content between 0.4 and 2.0 wt. %.

In some embodiments, the disclosure pertains to a method
of producing an ammonium sulfate nitrate product including
ammonium sulfate nitrate 2:1 double salt. A melt slurry
including ammonium sulfate and ammonium nitrate is added
to a solidification device. An amount of supplemental
ammonia is added to the solidification device in addition to
ammonia provided in the melt slurry, and the melt slurry is
solidified in the solidification device in the presence of the
supplemental ammonia to form a solid including ammonium
sulfate nitrate 2:1 double salt.

In some embodiments, the disclosure pertains to a method
of producing an ammonium sulfate nitrate product including
ammonium sulfate nitrate 2:1 double salt. A melt slurry
including ammonium sulfate and ammonium nitrate is added
to a granulation bed of a granulation device and the melt
slurry is solidified in the granulation bed to form a solid
mixture including ammonium sulfate nitrate 2:1 double salt.
The solid mixture is conveyed to a drying device and is at
least partially dried in the drying device. During drying, a
moisture content of the solid mixture in the drying device is
controlled to between 0.4 and 2.0 wt. %.

In some embodiments, the disclosure pertains to a method
of producing an ammonium sulfate nitrate product including
ammonium sulfate nitrate 2:1 double salt. A melt slurry
including ammonium sulfate and ammonium nitrate is added
to a solidification device and is solidified in the solidification
device to form a solid ammonium sulfate nitrate including
ammonium sulfate nitrate 2:1 double salt. Solidification is
controlled to achieve a moisture content in the solid mixture
of 0.4 to 1.5 wt. %.

BRIEF DESCRIPTION OF THE FIGURES

Specific examples have been chosen for purposes of
illustration and description, and are shown in the accompa-
nying drawings, forming a part of the specification.

FIG. 1 is a schematic illustration of a granulation process.

FIG. 2 is a cross-section of a granulation drum useful in
an embodiment of the granulation process of FIG. 1.

FIG. 3 is a cross-section of a drying drum useful in an
embodiment of the granulation process of FIG. 2.

FIG. 4 is a graphical representation of experimental data.
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DETAILED DESCRIPTION

The present invention provides systems and methods for
producing solid ASN compositions that are primarily in the
form of the ASN 2:1 double salt. More particularly, the
present invention provides systems and methods for con-
trolling the water content of ASN particles (e.g., granules)
during and after production to maximize the presence of the
ASN 2:1 double salt relative to the ASN 3:1 double salt.

The term “double salt” as used herein means a chemical
compound composed of ions from two precursor compounds
whose crystal structure is distinct from those of the precur-
sor compounds. The molar ratio of precursor compounds in
a double salt is in the proportion of small integers, e.g., 1:2,
and is not continuously variable as in a solid solution.

The composite product of the invention consists of small
ammonium sulfate crystals imbedded in a matrix of the other
constituents. The composite material of the invention is to be
distinguished from a mixture of free particles. The bulk of
the ammonium sulfate crystals are approximately the same
size as the initial ammonium sulfate particles, but upon
solidification about 5 wt. % precipitate as crystals of less
than about 2 micrometer dimension. The crystals of ammo-
nium sulfate are dispersed in the matrix in a uniform manner.
The small size and uniform dispersion of the ammonium
sulfate crystals in the 1:2 double salt significantly enhance
the stability of the product against detonation hazard.

In some embodiments, less than about 7 wt. % of the
product consists of the unreacted and underreacted ammo-
nium nitrate or 1:3 double salt species. In some embodi-
ments, less than about 5 wt. % or even less than about 3 wt.
% of the product consists of the unreacted and underreacted
ammonium nitrate or 1:3 double salt species. The compos-
ites of the invention are useful as fertilizers, have reduced
moisture sensitivity, are not considered hazardous materials
under Title 49 of the Code of Federal Regulations, “Trans-
portation”, Part 172, “Hazardous Materials Table”, Oct. 1,
2000, and are not classified as oxidizers under United
Nations Recommendations on the Transport of Dangerous
Goods, Manual of Tests and Criteria, 19957, “Section 34,
Classification Procedures, Test Methods and Criteria Relat-
ing to Oxidizing Substances of Division 5.1”.

In one embodiment, water content is controlled such that
the resulting solid ASN composition has a water content of
as low as about 0.4 wt. %, as low as about 0.5 wt. %, or as
low as 0.6 wt. % and as high as about 1.5 wt. %, as high as
about 1.75 wt. %, or as high as about 2.0 wt. %. In other
embodiments, the resulting solid ASN composition has a
water content that is within any range defined between any
pair of the foregoing values. By controlling the water
content within these ranges, ASN 2:1 double salt conversion
is maximized while still maintaining the structural integrity
(e.g., crush strength) of the resulting material. As used
herein, water content refers to the average water content of
a sample of solid ASN material, as determined via conven-
tional gravimetric analysis, taken during or shortly after
production as indicated.

Although the embodiments discussed below pertain pri-
marily to solid ASN materials produced by granulation,
similar moisture control techniques could be applied to
prilling or pastillation processes to achieve the same water
content control. As used herein, the term “solidification
device” encompasses any type of device in which a melt
slurry may be solidified, with non-limiting examples of
solidification devices including granulation devices, prilling
devices, and pastillation devices.
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FIG. 1 provides a schematic view of an illustrative but
non-limiting embodiment of a granulation configuration 10.
As illustrated, the granulation configuration 10 includes a
granulation drum 12, a dryer/cooler drum 14, a screener 16
and a crusher 18. The granulation configuration 10 is con-
figured as a loop in order to recycle off-specification (i.e.,
oversized and/or undersized) material back to the granula-
tion drum 12 until it is brought into target specifications. It
will be appreciated that granulation configurations can
include a variety of different equipment types, configura-
tions, sizes and operating parameters.

Granulation Drum 12

The granulation drum 12 includes an inlet 20 that pro-
vides recycled material from the crusher 18 and the screener
16. A melt/solution spray inlet 22 provides the granulation
drum 12 with a source of fresh melt-slurry as well as one or
more of a water source, a steam source and an ammonia
source. An air source 24 provides temperature and/or humid-
ity controlled air at a desired flow rate via an air inlet 26 in
order to selectively modify a rate of air flow through the
granulation bed. Air is vented from the granulation drum 12
via a vent 28. An outlet 30 transports product to the drying
drum 14.

FIG. 2 is a cross-sectional view of the granulation drum
12, taken along line 2-2 of FIG. 1, illustrating internal
components of the granulation drum 12. In the illustrated
orientation, the granulation drum 12 rotates in a direction
indicated by an arrow 30. The granulation drum 12 has an
inner surface 32 and contains a quantity of granules 34.

The granulation drum 12 includes one or more melt-slurry
spray nozzles 36 that are arranged and configured to spray
the granules 34 with fresh melt-slurry. While a single
melt-slurry spray nozzle 36 is illustrated, it will be appre-
ciated that in some embodiments a plurality of nozzles 36
may be used. A bank 38 of spray nozzles, in addition to the
melt-slurry nozzles 36, may, as illustrated, include one or
more solution spray nozzles 40 that may be configured to
spray liquid water or fertilizer solution recycled or recovered
from other plant operations, as desired, onto the granules 34.
In some embodiments, additional ammonia can be added to
adjust the pH either by adding ammonia alone or in com-
bination with one or more of water of fertilizer solution. In
some embodiments, the bank 38 includes one or more steam
injection nozzles 42 that may be configured to inject steam
into the granulation drum 12.

In some embodiments, the melt slurry is formed by
combining particles of ammonium nitrate and ammonium
sulfate in the presence of a small amount of water, and
heating to a temperature sufficient to melt the ammonium
nitrate and mixing thoroughly to disperse the solid ammo-
nium sulfate. In some embodiments, the molar ratio of
ammonium sulfate to ammonium nitrate is about 0.9:1 to
1.1:1. The particle size of the ammonium nitrate is not
critical but in some embodiments, about 95 wt. % of the
ammonium nitrate particles pass a Tyler No. 6 sieve (3.36
mm opening). With respect to the ammonium sulfate, the
smaller the particle, the more rapid the reaction between the
ammonium sulfate and ammonium nitrate and the finer will
be the scale of their dispersion. In some embodiments, the
ammonium sulfate is at least about 85 wt. % passable
through a Tyler No. 48 sieve (0.30 mm opening). Ammo-
nium sulfate subjected to commercial ball milling typically
meets this criterion without additional screening. In some
embodiments, the ammonium sulfate is about 99 wt. %
passable through a Tyler No. 48 sieve. In other embodi-
ments, the ammonium sulfate is about 99 wt. % passable



US 9,464,008 B2

5

through a Tyler No. 48 sieve and about 50 wt. % passable
through a Tyler No. 200 sieve (0.074 mm opening).

In one embodiment, the granulation drum 12 is operated
to produce granules having a water content of as low as
about 0.4 wt. %, as low as about 0.5 wt. %, or as low as about
0.6 wt. % and as high as about 1.5 wt. %, as high as about
1.75 wt. %, or as high as about 2.0 wt. %. In other
embodiments, the resulting solid ASN composition has a
water content that is within any range defined between any
pair of the foregoing values. In some embodiments, the
granule bed is maintained at a temperature as low as about
90° C. or as low as about 95° C. and as high as about 105°
C. or as high as about 120° C. In other embodiments, the
granule bed is maintained at a temperature that is within any
range defined between any pair of the foregoing values.
These temperatures are significantly below the melting
temperature of the ASN material. In some embodiments, the
temperature of the granulation bed is determined using a
temperature sensing probe having an active element sub-
merged in the moving solids. In contrast, conventional
granulation processes operate at a bed temperature of 140-
160° C., which is much closer to the melting temperature of
the ASN material resulting in production of granules with a
water content generally below 0.4 wt. %.

To account for the cooling duty to solidify the melt-slurry,
embodiments of the present invention control the water, air
and steam that is sprayed/injected onto the granule bed to
control the moisture content while still maintaining desirable
physical properties of the resulting ASN material including
crush strength. Generally speaking, when compared to con-
ventional operating parameters, embodiments of the present
invention utilize reduced air flow, but increased water spray
and/or steam injection in order to achieve heat removal to
solidify the melt-slurry.

In another embodiment, additional ammonia is added to
the granulation drum 12, either through the spray bank 38 or
in any other acceptable manner. In some embodiments,
additional ammonia is added in order to adjust the pH
upwards towards the product pH such that the pH at the
moment of discharge from the granulation bed is substan-
tially the same as the normal product pH. As further set forth
in the Examples, the ammonia raises the pH of the solid ASN
material, which may facilitate the more rapid and complete
conversion of the ammonium sulfate nitrate 3:1 double salt
to the ammonium sulfate nitrate 2:1 double salt.

Drying Drum 14

Returning to FIG. 1, the drying device or drying drum 14
allows for further control of the moisture content of granules
54. Product from the granulation drum 12 enters the dryer
drum 14 via the outlet 30. A source of temperature and/or
humidity controlled air 44 enters the dryer drum 14 via an
air inlet 46 in order to selectively modify a rate of air flow
through the drying device. A vent 48 permits exhaust air to
exit the dryer drum 14. In some embodiments, the dryer
drum 14 may include a spray bank 58 that includes one or
more solution spray nozzles 60 that may be configured to
spray ammonia onto the granules 54, if desired.

FIG. 3 is a cross-sectional view of the dryer drum 14,
taken along line 3-3 of FIG. 1, illustrating internal compo-
nents of the dryer drum 14. In the illustrated orientation, the
dryer drum 14 rotates in a direction indicated by an arrow
50. The dryer drum 14 has an inner surface 52 and contains
a quantity of granules 54.

Similar to the granulation drum 12, the dryer drum 14
may be operated to provide a discharge moisture content,
i.e., the moisture content of the granules upon discharge
from the dryer drum 14, of as low as about 0.4 wt. %, as low
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as about 0.5 wt. %, as low as about 0.6 wt. % and as high
as about 0.8 wt. %, as high as about 1.0 wt. % or as high as
about 1.5 wt. %. In other embodiments, the discharge
moisture content is within any range defined between any
pair of the foregoing values. It will be appreciated that the
manner in which the dryer drum 14 is operated is impacted
by the manner in which the granulation drum 12 is operated.
Screener 16/Crusher 18

Once the solid ASN material exits the dryer drum 14 via
an outlet 64, it travels to the screener 16. The screener 16
separates material that meets specification and delivers it via
an outlet 68 to a finishing system (not illustrated) where final
drying, cooling and coating is accomplished. In some
embodiments, desired particle sizes, depending on geo-
graphic market and end-use application, can vary from about
2 millimeters (mm) to about 3 mm. In some embodiments,
undersized material is passed back to the granulation drum
12 via an outlet 66 so that it may continue to increase in size
when subjected again to the granulation process. In some
embodiments, as illustrated, oversized material is passed to
the crusher 18. Breaking down the oversized material both
recycles the material through the loop to become properly
sized but also, more importantly, provides a population of
fine particles to seed future granules.

By balancing the moisture content and physical properties
of the solid ASN material, increased amounts of the solid
ASN material meet size specification and are removed from
the granulation loop. This is beneficial not only for effi-
ciency, but also because recycled granules tend to cause
increased variability in the moisture content and or physical
properties of the solid ASN material. In some embodiments,
maintaining a consistent moisture profile around the granu-
lation loop reduces or eliminates over-drying. Over-wetting
is also reduced or eliminated as there is then no need to
re-wet the over-dried granules. In some embodiments, con-
trolling the moisture content can improve the morphology of
the granules. In some embodiments, substantially spherical
granules may be obtained.

For example, fines can be generated in the granulation
loop due to a number of reasons. The new granules can
become too wet, resulting in increased crumbling going into
the dryer 14. Variations in granule microstructure can result
in a greater yield of fines when oversize is passed through
the crusher 18. Variations in granulation behavior can
increase the amount of oversize, resulting in more fines.
Regardless, the consequence of an increased quantity of
fines is a larger population of smaller sized granules.

Example 1

During testing, it was found that granules taken fresh from
the granulator were very acidic in nature (having a pH, when
in water, of less than 4.0), although the pH would recover
overnight towards typical values around a pH of 5.2. When
fresh product was bagged, condensation occurred and was
found to be very acidic. Accordingly, experiments were
conducted to determine the extent to which ammonia was
lost during thermal processing of mixing the melt-slurry
and/or the subsequent granulation process. Experiments
have shown a clear loss of ammonia relative to the nitrate
and sulfate consistent with the observed pH shift. The
subsequent overnight recovery of the pH and the acidic
condensation from the granules further suggest that the
granules subsequently lose acid to bring the pH back into
equilibrium.

It will be appreciated that if ammonia loss creates an
accumulation of sulfuric acid in the granules, there may be
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potential implications for the available moisture because
sulfuric acid is a powerful drying agent. Thus, the addition/
creation of sulfuric acid, such as via the loss of nitric acid,
to the nearly dry granules may bind water and inhibit its
ability to facilitate the conversion of 3:1 and AS into the 2:1
double-salt. Indeed, it was found in laboratory experiments
that the addition of sulfuric acid (to mimic over-acidification
in lieu of inducing ammonia loss) provided “slowed” 2:1
conversion kinetics. Otherwise, very rapid conversion
would be routinely achieved.

Example 2

Presented in FIG. 4 is kinetic data for the post-solidifi-
cation conversion of 3:1 ASN double-salt into the 2:1 ASN
double salt form. FIG. 4 presents a number of experiments
conducted where a melt-slurry was prepared with different
amounts of moisture and with a small amount (1x107°
equivalent/gram) of sulfuric acid to retard 2:1 kinetics. The
samples were then subjected to sequential X-ray diffraction
(XRD) analysis to measure 3:1 double-salt. The results are
presented as a ratio of 2:1 to 3:1.

As can be seen in FIG. 4, solid moistures of 0.4 wt. % or
greater resulted in very rapid conversion. Moisture even at
0.26 wt. % resulted in complete 2:1 conversion within 2-3
days. This demonstrates that the loss of ammonia can limit
the conversion of the 3:1 double salt into the 2:1 double salt.
Accordingly, in some embodiments, small amounts of
supplemental ammonia may be added to the granules 34
within the granulation drum 12 via the solution spray
nozzles 40. In some instances, it may be beneficial to
additionally or instead add small amounts of supplemental
ammonia to the granules 54 within the dryer drum 14 in
order to facilitate full conversion to the 2:1 double salt.

From the foregoing, it will be appreciated that although
specific examples have been described herein for purposes
of illustration, various modifications may be made without
deviating from the spirit or scope of this disclosure. It is
therefore intended that the foregoing detailed description be
regarded as illustrative rather than limiting, and that it be
understood that it is the following claims, including all
equivalents, that are intended to particularly point out and
distinctly claim the claimed subject matter.

We claim:
1. A method of producing a solid ammonium sulfate
nitrate composition comprising the step of:
solidifying a melt slurry including ammonium sulfate and
ammonium nitrate in a granulation bed to form the
solid ammonium sulfate nitrate composition compris-
ing ammonium sulfate nitrate 2:1 double salt, wherein
the melt slurry has a molar ratio of ammonium sulfate
to ammonium nitrate of about 0.9:1 to about 1.1:1,
wherein the granulation bed has an operating tempera-
ture of 90° C. to 120° C. and the solid ammonium
sulfate nitrate composition has a moisture content of
between 0.4 wt. % and 2.0 wt. % wherein the solid
ammonium sulfate nitrate composition is primarily in
the form of the ammonium sulfate nitrate 2:1 double
salt and includes less than about 7 wt. % of unreacted
ammonium nitrate and ammonium sulfate nitrate 3:1
double salt.
2. The method of claim 1, wherein the granulation bed has
an operating temperature of 90° C. to 105° C.
3. The method of claim 1, wherein said solidifying step
further comprises adding steam to the granulation bed.
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4. The method of claim 1, wherein said solidifying step
further comprises spraying an aqueous solution onto the
granulation bed.

5. The method of claim 1, wherein said solidifying step
further comprises selectively modifying a rate of air flow
through the granulation bed.

6. The method of claim 1, wherein said solidifying step
further comprises:

adding steam to the granulation bed; and

selectively modifying a rate of air flow through the

granulation bed.
7. A method of producing a solid ammonium sulfate
nitrate composition including ammonium sulfate nitrate 2:1
double salt, said method comprising the steps of:
adding a melt slurry including ammonium sulfate and
ammonium nitrate to a granulation device, wherein the
melt slurry has a molar ratio of ammonium sulfate to
ammonium nitrate of about 0.9:1 to about 1.1:1;

adding an amount of supplemental ammonia to the granu-
lation device in addition to ammonia provided in the
melt slurry;

solidifying the melt slurry in the granulation device in the

presence of the supplemental ammonia to form a solid
granule mixture including ammonium sulfate nitrate
2:1 double salt, wherein the solid ammonium sulfate
nitrate composition is primarily in the form of the
ammonium sulfate nitrate 2:1 double salt and includes
less than about 7 wt. % of unreacted ammonium nitrate
and ammonium sulfate nitrate 3:1 double salt.

8. The method of claim 7, wherein said adding steps
further comprise, respectively:

adding the melt slurry to a material bed of the granulation

device; and

adding the supplemental ammonia to the material bed of

the granulation device.

9. The method of claim 7, wherein the solidification
device is a granulation device, and said adding step further
comprises:

adding the supplemental ammonia to a material bed of a

drying device downstream of the granulation device.
10. A method of producing a solid ammonium sulfate
nitrate composition, said method comprising the steps of:
adding a melt slurry including ammonium sulfate and
ammonium nitrate to a granulation bed of a granulation
device wherein the melt slurry has a molar ratio of
ammonium sulfate to ammonium nitrate of about 0.9:1
to about 1.1:1;

solidifying the melt slurry in the granulation bed of the
granulation device to form the solid ammonium sulfate
nitrate composition, including ammonium sulfate
nitrate 2:1 double salt;

drying the solid mixture in a drying device such that a

moisture content of the solid ammonium sulfate nitrate
composition in the drying device is between 0.4 wt. %
and 1.5 wt. %, wherein the solid ammonium sulfate
nitrate composition is primarily in the form of the
ammonium sulfate nitrate 2:1 double salt and include
less than about 7 wt. % of unreacted ammonium nitrate
and ammonium sulfate nitrate 3:1 double salt.

11. The method of claim 10, wherein said controlling step
further comprises selectively modifying a rate of air flow
through the drying device.

12. A method of producing a solid ammonium sulfate
nitrate composition including ammonium sulfate nitrate 2:1
double salt, said method comprising the steps of:

solidifying a melt slurry including ammonium sulfate and

ammonium nitrate in a granulation device to form solid
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ammonium sulfate nitrate granules including ammo-
nium sulfate nitrate 2:1 double salt, wherein the melt
slurry has a molar ratio of ammonium sulfate to ammo-
nium nitrate of about 0.9:1 to about 1.1:1, wherein the
solid ammonium sulfate nitrate has a moisture content
of 0.4 to 2.0 wt. %, wherein the solid ammonium
sulfate nitrate granules include less than about 7 wt. %
of unreacted ammonium nitrate and ammonium sulfate
nitrate 3:1 double salt.

13. The method of claim 12, wherein the solid ammonium
sulfate nitrate has a moisture content between 0.5 and 1.5 wt.
%.

14. The method of claim 1, wherein the solid ammonium
sulfate nitrate composition includes less than about 3 wt. %
of ammonium nitrate and ammonium sulfate nitrate 3:1
double salt.

15. The method of claim 12, wherein the solid ammonium
sulfate nitrate granules include less than about 3 wt. % of
unreacted ammonium nitrate and ammonium sulfate nitrate
3:1 double salt.

16. The method of claim 1, wherein the granulation bed
has an operating temperature of 90° C. to 105° C., the solid
ammonium sulfate nitrate composition has a moisture con-
tent between 0.5 wt. % and 2.0 wt. %, and the solid
ammonium sulfate nitrate composition includes less than
about 3 wt. % of unreacted ammonium nitrate and ammo-
nium sulfate nitrate double salt.

17. The method of claim 7, wherein the amount of
supplemental ammonium is sufficient to raise a pH of the
solid ammonium sulfate nitrate composition exiting the
granulation bed to a pH of about 5.2.

#* #* #* #* #*
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